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NMNHEMHBIE CTALVMOHAPHBLIE YMPABNAEMBIE 4P CUCTEMbI
CO CNYYAWVNHbIMUW BO3MYLWEHNAMMN 1

Linear hybrid differential-difference systems (DAD systems) are studied under action of random
disturbances described by stochastic processes with finite number of realizations and piecewise con-
tinuous mathematical expectation (mean value). For such systems, an analogy of the well-known (for
ordinary systems) variation-of-constants Cauchy’s formula is given. This result is applied to obtaining
the effective parametric criterion relative controllability of DAD systems. In particular a necessary and
sufficient condition of relative controllability with respect to continuous and piecewise continuous state
variables, which expressed in terms of defining equation solutions, is given, as well as relative control-
lability criterion with respect to both types of variables is formulated.

BBegeHue. Ha coBpeMeHHOM 3Tane passuTud
HayKn M TEXHWKN NOABAAKTCA HOBble BO3MOXHO-
CTW MaTeMaTU4yecKoro MOfLEenupoBaHuA C Mpume-
HEHWEM KOMMbIOTEPHbIX TEXHOMOMUA, YTO MO3BO-
ndetT patb 6Oonee afleKBaTHOe MaTemaTU4yecKoe
onucaHne peanbHbIX TEXHOMNOTNYECKNX NPOLLECCOB.
B pesynbTate BO3pacTatoT TpeboBaHMA K MaTema-
TU4eckum mogensim. C 0AHOW CTOPOHbI, YCMOXHSA-
loTCA caiin mogenu, ¢ APYroi - CyLiecTBeHHO yBe-
nuyuBaetcd rnybuHa UX mMaTemMaTU4yeckoro uccre-
foBaHusA. B nocnefHee Bpems, 0CO6EHHO B aHr/os-
3bIYHOI NUTepaType, 60MbLLIOE BHUMAaHUe yaenseT-
CA MaTeMaTUyecKUM MOLEeNam rubpuaHbiX gUHaAMU-
YeCKUX CUCTEM, Ffle B OCHOBHOM paccMaTpuBaroTC
KOHKPETHbIE AUCKPETHO-HEMNpPepbIBHbIE AUHAMMKYe-
cKme mogenu nnéo mogenu ¢ kommyTtauumeir. Cne-
[yeT, 0fHaKO, MPU3HAaTb, YTO TEPMUH «TUBPULHbIE
cuUcCTeMbl» neperpyxeH (cm. pa6boTbl [1-16] u
CCbIIKW K HWUM). M6puaHOCTL 03Ha4yaeT, BooOLLe
roBopsi, HEOAHOPOAHOCTb B MPUPOAE paccMaTpu-
BaeMOro npouecca WAM MeTOAax ero WsyyeHus.
TepMUH «TMBPUAHbLIE CUCTEMbI» OTHOCAT K CUCTe-
Mam, OMNUCbLIBAKOLWMM MPOLECChl UAW OOBLEKTbI C
CYLLECTBEHHO pa3NMyaloLMMNCA XapakTepucTu-
Kamu, Hanpumep, cofepXalue B OCHOBHOW AuHa-
MWKE HenpepbIBHbIE U AUCKPeTHble (U/Mnu noru-
YyecKkune) curHanbl (nepemeHHble), LeTepMUHUPO-
BaHHbIE U CnyyaliHble BeIMYMHbI NN BO3LENCTBUA
MW T. 4., UTO B KOHEYHOM CYeTe U onpefenser xa-
pakTep (Nnpupoay) rubpuaHbIX CUCTEM.

Huxe paccmaTtpuBatoTcs rubpuiHole guddge-
peHumnanbHo-pa3HocTHble (CAP) cuctembl co cny-
yaliHbiMu BO3geicTBMAMU. K Takum cuctemam
CBOAATCS HEKOTOPble TUMbl LUCKPETHO-HEMpPEpPbIB-
HbIX CUCTEM U AndEepeHLnanbHO-pasHOCTHbIX
CUCTEM HeTpanbHoro Ttuna. AP cuctembl, B
CBOIO OYepefb, ABNAAOTCA YACTHbIM CAy4vaem fec-

KPUNTOPHbLIX CUCTEM C 3anasfblBatoLLUM apryMeH-
TOM. PaboTa B Le/loM NpUMbIKaeT K UCCnefoBaHu-
aMm [1, 2, 14] no petepmuHupoBaHHbIM AP cuc-
TEMaM.

1. MocTaHOBKa 3agauyn. PaccMoTpuM 06beKT
ynpaBneHus, onucbiBaemblin AP cuctemoli Buga:

X, (0 = Anx\(t) +Anxt) + +0ap, t>0, (1)
xt)= AAX\(t)+ AZxAt-h) +Ba(t) + A (0, 2

C Ha4ya/lbHbIMW YyCNOBUAMMN

*i(+0) = (po, XAt) =d(T), Te[-h, 0). (©)

3meck *,(/) e R"1, x2At) e R 2, u(t) e Rr,

e Rm,d(/) e R"12 AIUAN,Buj, A2, A2
B2 D2- nOCTOAHHble MaTpuLbl COOTBETCTBYHOLLNX
pasmepoB; 0 < h - nocTosiHHOe 3anasgbiBaHue;
06 R"1; anemeHTbl BEKTOP-PYHKUMM ¢ ABAAOTCS
KYCOYHO-HemnpepbIBHbIMKU Ha npoMexyTke [0; +co)
(yHKumsmu; nepemeHHble Xi(f), xt) onucbiBaloT
TeKyLLlee COCTOSIHMe 00BLEKTA, NPUYEM X\(T) - Hemnpe-
pbiBHasA, XAt) - KyCO4HO-HemnpepblBHas BEKTOp-
tyHKums npu t > 0; u(t) - KycouyHO-HenpepbiBHas
npu t > 0 r-sekTop-PyHKUMA (Ynpasisemoe BHeluHee
Bo3geiicTane); ), t|(f) - BHewHWe BO3MYLLEHMS,
KOMMOHEHTbl KOTOPbIX MNPeACTaBNAOT CO60M Bek-
TOpHbIe CAyYaiiHble npouecchl, t> 0. Ans npocToThl
npegnonoXmm, 4To ciydaliHble npoueccol LIL) v u(/)
npu t > 0 MMEIOT KOHEYHOE YMCNO peann3aunii, Ko-
TOpble ABMATCA KYCOYHO-HeNpepbIBHbI-MU npu t> 0
(DYHKUMAMU, U MaTeMaTUyeckne oxugaHus EE£[) =
m(t), Eu(/) = n(t) - Kyco4YHo-HenpepbIBHbIe Npu t >
0 rn\- n /«2-BeKTOP-(PYHKL N COOTBETCTBEHHO.

OnpepeneHve. MNpu 3agaHHOM MOMEHTe Bpe-
meHu /] > 0 cuctema (1), (2) Ha3biBaeTcs:

1) oTHocuTenbHo t\-ynpaensemoii no X\, ec
ANs N0 6blX HavanbHbIX AaHHbIX (O, ¢, NtO60ro

1Pa6oTa BbINOMHEHA B pamkKax coTpygHu4yecTBa ¢ 5eNOCTOKCKUM TeXHUYECKUM YHUBEPCUTETOM.



KOHeyHoro coctoaHua Xx‘{e R™ , no6bix BekTop-
thyHkumii m(t), n(t), /e[0, /], HaligeTca KycouyHO-
HenpepbiBHOe ynpaeneHue u(t), /e [0, t{], Takoe, uTo
cooTBeTcTBYlOWEee peweHne X\(t), xQAt), /e [0, /)],
cuctemsbl (1), (2) ¢ HavyanbHbIMK ycnosusaMu (3) 06-
nafaet csoiictBoM ExX/i)= x*i;

2) OTHOCWUTE/NbHO 6-ynpaBnsemMoil No X2 ecnu
4na No6bIX HavanbHbIX faHHbIX 0, o N1060ro Ko-
HEYHOro CcocTosiHMA x*2e R "2, nob6bIX BEKTOP-
hyHkunid m(t), n(t), te [0, /,], HailgeTca KycOYHO-
HenpepbiBHOE ynpasneHue u(t), te [0, t{\, Takoe, uTo
cooTBeTcTBYtOWEee peweHne X\(/), xAt), /e [0, /],
cuctembl (1), (2) ¢ HavyanbHbIMK ycnoBusaMu (3) 06-
naflaeT cBOMCTBOM EXA6)= X*2A

3) OTHOCMTENbHO ~-ynpaBnsemoi, ecam ans -
6bIX HayaNbHbIX AaHHbIX (0, o, NHOOLIX KOHEYHbIX
coctosHuii X \e R M, x'2e R"2, nobbix BeKTOp-
GyHkunii m(t), n(t), /e[0, t{\, HaiigeTcs KycouHo-
HenpepbiBHOe ynpaBneHune u(t), t<=[O, Ll], Takoe, 4T0
cooTBeTCTBYHOWEee pelieHne X\(t), xQt), te [0, t\\,
cuctemsl (1), (2) ¢ HavyanbHbIMK ycnoBusaMu (3) 06-
napgaet ceoiictBom Ex[16) = oo, ExA?i) = x*2

3ajava. Haiitm napameTpuyeckuin Kputepui
OTHOCUTENbLHOW -ynpaBnsemMocTu cuctembl (1)-
(3) co cny4yailHbIMW BO3MYLLEHUAMM.

2. VHTerpanbHoe npeAcTaB/ieHVE peLle-

HuiA. Mockonbky £(?) n T|(0 —cnayyaliHble npo-
LlecCbl C KOHEYHbIM Ynucnom peanusauyuii ~,(/), i -
=1 ..., Tuijl),j=1, ..., n,T0 peweHuns X\(t)
n x2t) cuctemsl (1), (2) 6yAyT TakxKe cnyyaliHbl-
MW npoueccaMyW C KOHEYHbIM 4YMCAOM peanu3a-
umin Xy (0, Xy (0, i= 1, m\j =1 .. n. To-
rga, ucnonb3ys npeactaBleHue TMOPUAHBIX CUC-
TeM no 0606weHHOl (opmyne Kowwu [1], ans

Hecny4aiHoil yHKumMm Xy (t) nonyyaem:

0
Xy(8) = X\(0 0+ | X2(t- T- h)AZiI?(x)cx +
n

+\{X\ (t- TB, + x\ (t- T) BAu(r) dx +
0]
|

+J(< (/- XD\ 4,<7) + X2(t- x) D21/(7)) dx (4)
(0]

npu t > 0. 3gecb MaTpuubl-yHKUUM X*(t) u

X\ (0 - pelweHUs conps>KeHHONR cucTemsl
* 'X{ I =XI{t)An+X"2(t)A2Ut>Q, ti:kh, (5)
X2(t) = X*(1)Ai2+ X*2(t-h)A2t>0, (6)
X200 =0,/<0, X;(0 =1/,,eR™"", (7)

roe 1L eanHuyHas Mxn,-maTpuua.

Bbiuncnum Tenepb mMaTeMaTuyeckoe OXupa-
Hue ExAT) peweHns x,(f):

4

a(O:EEp*A (0:1“2?PyA (Odo+

1=1 7=1

0 t
+ | X\ (t- x- h) AZg(x)dx + J(Z* (/- x)B\ +

-h 0

+X* (t- X) BAu(x) dx) +Z Z Pij )x i o - TE)| x
i=lj-1 0

XYRHZZpij 1. .02 4 @ =

11 y=I 0

0
=X*(0go + \x'2{t-x- h)AZg>(x)dx +

-h

+ t\(X\ (t- x)BlI + X* (t- t) Bu(x) dx +

+)x; (t-xD]z p-m dx+)X; «- x)d2x

0 <=1 0
n* 0

XZ /%4 W ~=~n1090 + \X'2{t-X-h)X
/=1 -h

t
x AZy(X)<h + |(X\ (t- T)B\ +X2 (t- t)Bu(t)dt +
(0]
t t
+ jx™ (t- x)D\ m{x) dx + jX 2 (t - x)D2(x) dx,(8)
[0] 0
roe pa = P(M°) = £< X U () = 1/<)) ~ BepoAT-
HOCTb NMosiBNeHMsA peanusauunii £/(¢), U4om); p] =

= P(8(*) = &()) w-py = P(n (+) =J1/+)) - Bepo-
ATHOCTKU nosBneHus peanusauuii £,{*) n y {m)
COOTBETCTBEHHO. AHaNOTNYHO
O
Ex2(0 = X, (t) o + IX2(t- x- h)AZy>(X)dx +
-h
t
+ j(Ar=(t- x)B, + X\ (t- x)BAu(x) dx +Z" (T,h) x
0

T
X AZEp(t- T h-h)+A~Z*(kh)B 2u(t-kh) +

4=0

t |
+ [XJ* (t- x)D] m(x) dx +jx 2 (t- x)D2n (x) dx +
(0] 0

t
+ jrz*{kh)D2n(t- ko) ,

4=0

roe T, = lim , cumBon \d\ o3HauaeT Ue-

e>ol h J
nyto yactb uyucna d\ matpuubl-yHKUMmM X (),



X2(s), Z*(W ypoBneTBOPSAOT crnefylolen co-
MPSHKEHHON cncTeMe:

dX’;‘t— =X\(t)Au + X\(t) A2b t>0,1dKkh,
x'2(t) = Xx{t)Au + X*2{t- h) A2 t>0,
Xx{kh +0) - X *kh- 0) =2Zz*{kh) A2l,

Z*{kh)=2Z*(kh-h)A22, k=\,...,Tt,
C HayaNlbHbIMMW YCNOBUAMU
X\(0=6,t<0; X\ (0)= X\ (+ 0)=AXg ,
Z’(0)=/,2g R"2*2.

ABNSETCA HEoOXOAMMBbIM W [OCTATOUHbIN ANA
OTHOCUTENbHOI ~-ynpaBnsiemocTu cuctemsl (1),
(2) mo x2.

Cuctema (1), (2) oTHoCUTeNnbHO 6-ynpaBnsemMa
TOrja v ToNbKO TOrga, Korga

rank ~AS<D) Kk =0,...,i\ -fAHGTO, 1Y) =« +n2
X 2kt)

3aktoyeHune. B paboTe paccmoTpeHbl AP
CUCTEMBI CO CyYaiHbIMU BO3MYLLEHUSMU C KOHEeY-
HbIM YMCNOM peanu3auunii. ns TakMxX CUCTEM Ma-
TemaTuyeckoe oxugaHue npoussogHoit xx{t) cny-
yaiiHoii  yHkuun X Xt) (HenpepbiBHOW coCTaB-
nsouwein Tekywero nonoxeHus {x{t), xAt)) cuc-
Tembl (1), (2)) coBnagaeT ¢ NPOM3BOLHON MaTema-

3. KpuTepun OTHOCUTENbHON YynpaBife-TUYECKOro OXWAAHMA 3TOW (YHKUUM, Npudem chy-

MocTu. M3 npepcrtasneHna (8) HeTpyAHO 3aMe-
TUTb, 4TO0 cuctema (1), (2) OTHOCUTENbHO
t]-ynpaBnsema no x Torga u ToabKO TOrga, Korga
ans N6oro n-sektopa x* g R™ cywecTByeT Ky-
COYHO-HEMNpepbiBHasA  r-BeKTOp-pyHkuus  uft),
te [0, /1], Takas, uTO

X

[(X* ([, - X)Bx+ X* {t1- 1) B Qu{x) dx = x*,

0
OTKyJa BbITEKAeT HEABHbIA KpUTepuid OTHOCU-
TeNbHOI N-ynpaBnseMocTu no xx: cuctema (1), (2)
OTHOCUTeNbHO "-ynpaBnsema no X\ B TOM U TO/b-
KO B TOM Cny4ae, eCNU CTPOKM MaTpuLbl-hyHKLMK
Xx{t\ - x)Bx+X2{t\ - 1) B2 x g[0, /,], nuHeiiHO
He3zaBUCMMbl Ha npomexyTke [0, *i]. OTclofa, wuc-
nonb3ys TexHuKy [1-3] onpegenswolwmnx ypaBHe-
HuiA gna TP cuctem, MOXHO MOAYYUTb KPUTEpPWii
OTHOCWUTENbLHOW 6-ynpaBnsaemMocT CUCTEMbI MO Xb
BbIP@KEHHbI B TEPMUHAX pelleHuii onpefensto-
L MX YPaBHEHWIA TAKUX CUCTEM.

Teopema 1. Cuctema (1), (2) oTHOCUTENLHO
/i-ynpaBnsema no XXTorga v ToNbKo Torga, Korga

rank[~(/), K=1, re[o, /,)] =«,,
roexX](), K=1 ..., - peweHne onpeaenatoLLero
ypaBHeHus cuctemsl (1), (2):
X[{t) =Au X\_x{t) + An X R x(0 + BxUk x(0,
X Ko =N2AX\ (0+aXx R{t~h)+ BMKo,
K=0, 1 ...;?>(); C HayaNbHbIMUN YCNOBUAMHU
X\N(/) =0, XI (0 =0, ecnm K<0wnnm t <0;
uo() =1Ir, Uk{t)= 0, ecnu k1+t2®P 0.

AHaNOrMYHo NMeeT MeCTo C/eaytoLlas Teopema.
Teopema 2. Ycnosue

rank\"XI{t), k=0, 1, ...,n2; F6[0, 6)] =«2

yaiiHaa yHKUMS X, (/) MMeeT KOHEeYHOe 4uCno pea-
nun3auyunin - HecnydaiHbeix yHkumii xu{t),i=1, ...,
m'j=1, n, T.e a"t-(Exi(/)):Ex,(/),/>0.
3T0 CBOMCTBO CMpaBeAMBO W A MHOrux 6onee
o6Wwunx cnyyaliHbix npoueccoB. [na Bcex Takux
NnpoLeccoB MMeeT MecTo npefcTasneHue (8) u, cne-
[0BaTeNbHO, cnpaBeA/iMBLl Teopembl 1, 2. B o6wem
cnyyae, ecnim cnydaiidble npoueccsl L), r|(/), t> 0,
MOHUMaTb KaK COBOKYMHOCTb C/lyYaiHbIX BEAWNYMH
B pa3/IMyHble MOMEHTbI BpemeHu t (T. e. 3aBuCALLME
OT t KaK OT napameTpa) C KOHEeYHOMEpPHbIM pacrnpe-
feneHnem BepPOATHOCTEN, TO MPOU3BOAHYIO Chy-
4yaliHOro npouecca MOXHO MOHMMAaTb B PasNNYHbIX
cMmbicnax (Hanpumep, anddepeHuMpoBaHue ¢ BEpPO-
ATHOCTbIO 1, AudpepeHUMpoBaHMe B cpeaHem). B
3TOM C/lyyae BOMPOCbI NPeACTaBfieHUs pelleHunit, a
TaK)Ke OTHOCUTeNbHOI ynpasnsemocTun TP cuctem
0CTalTCA OTKPbITHIMMU.
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OB OTHOCUTE/IbHOW HAB/TKOJAEMOCTW
NMNHENHBIX CTALUMOHAPHbIX AP CUCTEM 1

The paper considers the problem of relative observability for hybrid time invariant difference-
differential dynamic systems, i. e. linear stationary differential-algebraic systems with delays (DAD sys-
tems), some variables of which being continuous the other - piecewise continuous. For solutions of sys-
tems under investigation, we present the determining equation algebraic techniques in order to obtain a
series representation into solutions of their determining equations. Then several algebraic properties of
the determining equation are studied, in particular, a generalization of the well-known Hamilton-Caley
matrix theorem is given for the determining equation solutions and a finite number of generators in the
span of determining equation solutions is established. As a result, we obtain effective parametric rank
criteria for the relative observability of DAD systems.

BeegeHue. Mpu nM3ydeHUN peasbHbIX (hU3nye-

3anasfbiBaHue, h>0; roe cumeon [wl

CKMUX MPOLECCOB HapAfy C AUHaAMWYeCKUMMK (aund-
thepeHUManbHbIMKN) BCTPEYaloTCs 1 anrebpanyeckue
(thyHKUMOHANbHBIE) 3aBUCUMOCTU. TaKue npoLecchl
onucbiBaldTcA AndhepeHLmManbHo-anrebpanyeckm-
mu (DAE) cuctemamu (OTAefbHble YpaBHEHUSA KO-
TOPbIX ABAATCA AU(epeHUnansHbIMKU, 4pyrue -
anrebpavyeckumm). IOTU CUCTEMbI OTHOCATCA K
Knaccy rubpuaHbsix. Cnefyet, OAHaKO, NPU3HaTb,
YTO TEPMUH «TUOBPULHbIE CUCTEMbI» Meperpy>xeH
(cMm., cTatbu [1, 2] 1 CCbINKK K HUM).

B paboTte nsyvaetcs npo6nema OTHOCUTE/bHON
HabngaemocTu ana rmbpugHbix guddepeHymans-
HO-pa3HoCTHbIX (TAP) cuctem nmpu HaaMyunm ToNY-
KOB, T. €. TaKMWX CWUCTEM, B OMWCAHUN KOTOPbIX
Yy4yacTBYIOT KaK guddepeHumnanbHble, Tak U pasHo-
CTHblE YpaBHeHWA; TONYKW MPU 3TOM OMUCHIBAKOTCS
TaKXe NMHENHbIM Pa3HOCTHbIM YPaBHEHMWEM.

1 MNpeagBapuTenbHble CBefeHUS.
HoBKa 3afjayn. Victopua npobrembl OTHOCUTENb-
HOl HabnogaeMocTn cuctem guddepeHymanbHo-
PasHOCTHbIX ypaBHEHWI (3ana3fblBatolLero Tuna)
patmpyetca 1972 r. [3], rae aeKTUBHLIA KpuTe-
pwiA YCNOBHO (B TEPMUHOJIOTMK aBTOPOB) Habto-
[aeMOCTN TaKuX CUCTEM 6bln nMpeAcTaBNeH B Tep-
MWHAaX peLleHulii COOTBETCTBYIOLLUX ONpefensto-
WMX ypaBHEHWIA.

PaccmoTpum npocTeiwyto FAP cuctemy:

x(t) =Anx{t)+Any(t), t>0, 1)
y(0 =n2 x(t) +A2y{t-K),t >0, (2)
x(Jh+0)-x(jh-0) -Anz(jh-h),j =1 .., Tt,(3)
z2(t) = AR z(t-h),t> h, 4

C BbIXOAOM
g(t) =Bx(t) + By{t) + Bz(t). (5)
3pecb x(t)eRn, y(t)eRm z(/)eR"*, g(i)eRr,
t>0; O ,el n An e R"™", A2le R ntn,

A2e Rmm B, g Rnxr, B, e Rmxr; h - noctosiHHOe

MocTa-

03HauaeT Lenyl 4acTb uucna w. bygem cuutatb
peweHnem cuctembl (1)-(4) Npou3BOSibHbIE Bek-
TOp-(hyHKUMKM X(-), }>(m), z(-), ecnm oHW y[oBne-

TBOPAKT  ypaBHeHuto (1) Ha  WHTepBanax
[ih,(y +1)/z), j =1 , ypaBHeHuto (2) - Aans
Bcex />0, u ypaBHeHuto (3) - B Toukax jh,
7=1, T,

Ons cuctemol (1)--(4) 3afafnm HayanbHble yC-
NOBUSA B BUJE

x(0+) =x(0) = x0, z(0) = 20, z(£) = 0, h<O,
y(T) =u/(7), rg [-A, 0),

rae e PC{[-h, 0], Rm, PC([-h, 0],Rm) o03Ha-
YyaeT MHOXECTBO KYCOYHO-HEMPepbIBHbIX M-BEKTOP-
(hyHKLMIA Ha npomexyTke [-/r, 0].

B paboTe uccnefyetcs 3afiadya UHTErpanbHoro
npegctaBneHns pewennin TAP cuctem Buga (1)-
(4), a Takke npobsema KOHEYHOMEPHOWN Habnt-
faemocTtu cuctembl (1)-(4) no Bbixogy (5).

2. Anrebpanyeckue CBOCTBa peLUeHnin on-

pefenslolWero ypasHeHnsa. Beegem onpegensto-
Wee ypaBHeHue cuctembl (1)-(5)

X K(0 = a,X K, (0 + AK, () + UK, (0, (7)
Yk{t) = A2iX k{t) + AZ¥k(t-h), ®)

Z{t) - ALZ{t-h), 9)

Gk{t) = BXX k{t) + B2¥k(t), k=0,1,..; t>0,(10)

C HavanbHbIMK ycnosuamum Xk(t) =0, Yk(t) =0,
Z(t) =0, Hk(t) =0 pans /<0 nIm k< 0;
Z20)=Im, (/0(0)=/,,f/IAi)=0 pna t2+k2*0.

Nlerko 3ameTtutb, uTo XK(t) =0, YK(t) =0,
Z(t) =0, Gk(t)=0 pgna t* jh, rge y=0,1,...;
k=0,1,...

Jlemma 1. IMeloT MecTo TOXAecTBa
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1Pab6oTa BbIMO/HEHA B paMKax coTpyaHn4yecTBa C BenoCTOKCKUM TEXHUYECKNM YHUBEPCUTETOM.



